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Objectives . The purpose of this study was to determine the
effect of incomplete revascularization by percutaneous trausdumi-
nal coronary angioplasty in patients with multivessel disease on
adverse long-term cardiac events (death, coronary artery bypass
surgery or myocardial infarction) and to develop an optimal
definition of adequate revascularization based oil clinical outcome.
Background. The effect of incomplete coronary revasculariza-
tion by coronary angioplasty on long-term adverse clinical events
remains controversial.
Methods . Three hundred seventy well characterizedd patients were
followed-up for 27 ± 16 months after anglopinsty . Mean patient age
was 58 ± 11 years; 72% were male; 70% had two-vessel disease
(L-50% diameter stethosis by caliper measurement); and the mean
left ventricular ejection fraction was 58 ± 11 % (range 20% to 85%) .
Angioplasty was successfully accomplished in 339 patients (91 .6%),
but complete revascularization by the standard definition (no resid-
ual ?50% stenosis in a coronary artery 2! 1 .5 mm in diameter) was
achieved in only 91 patients (25%).
Results. Three-year event-free survival (i .e ., freedom from death,
myocardial infarction, coronary artery bypass surgery) in the entire
cohort was 76.5%. By the standard definition, complete revascular-
ization was strongly and negatively associated (p = 0 .003) with
long-term cardiac events, even after correction for the effects of other
Although there is unanimity of opinion that long-term event-
free survival after coronary artery bypass graft surgery is
improved if complete revascularization can be achieved
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independent correlates of events, using Cox proportional hazard
regression analysis . Seventeen other definitions, evaluating the sever-
ity and extent of residual stenoses and whether they were associated
with contractile myocardium, were tested to find that which best
stratified late event-free survival and had an outcome with complete
revascularization no worse than that associated with the standard
definition. The best definition for the entire cohort, having more
predictive value than the standard definition, allowed <10% of
estimated left ventricular mass to be served by vessels with mild
stenoses (<60%) without being considered "incomplete ."
Conclusions. Mild stenoses in coronary arteries -L-1 .5 mm in
diameter serving modest amounts of myocardium do not appear to
need to be revascularized to achieve good long-term outcome with
coronary angioplasty . Hence, angioplasty in such lesions may not
be justified except when they are documented to cause life-style-
limiting angina, and the standard definition of complete revascu-
larization by angioplasty appears to be suboptimal . The impor-
tance of optimally defined adequate revascularization should be
considered in the interpretation of the results of randomized trials
assessing the clinical efficacy of coronary angioplasty compared
with that of other modalities of therapy .
(J Am Coil Cardiol 1993,22:1289-97)
(1-7),
it remains controversial whether the same effect is
seen after percutaneous transluminal coronary angioplasty
(8-15) .
The reasons for the apparently conflicting results
observed after coronary angioplasty most likely include the
differing definitions of complete revascularization, !he pa-
tient populations studied, the duration of follow-up, whether
repeat angioplasty is considered an untoward event and
whether the effect of other confounding variables, such as
left ventricular ejection fraction, are considered when the
impact of completeness of revascularization is analyzed .
Whether complete revascularization needs to be achieved
and is attempted may have a profound impact on the results
of coronary angioplasty
. The risk of procedural complica-
tions is inwitively cumulative for the number of stenoses
dilated, although this may be difficult to prove because the
0735-1097193156.00
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procedure is nearly always terminated at the time of any
in-laboratory major vessel closure
. Hence, attempts to
achieve complete revascularization with angioplasty may
pose a greater short-term risk to the patient and, thus, can be
justified only if they produce better long-term results .
Therefore, we studied the clinical outcome of 370 consec-
utively treated, well characterized, patients with multivessel
coronary disease from five major referral institutions to ascer-
tain 1) whether incomplete revascularizahonwas an indepen-
dent adverse risk factor for event-free survival, and 2) whether
an optimal angiographie definition of adequate revasculariza-
don based on clinical outcomes could be determined .
Methods
Study patients . Cineangiograms from 100 consecutive
patients with stable or unstable angina and multivessel
coronary disease undergoing attempted coronary angio-
plasty on or after January 1, 1986 were requested from each
of four original participating institutions . Patients with pre-
vious coronary bypass surgery or with a life expectancy < I
year because of noncardiac conditions were excluded . Such
patients reflected those accepted for coronary angioplasty at
each of the clinical sites in 1986 and 1987 . Owing to a change
in study personnel in one clinical center, only 50 qualifying
patients were enrolled from that center . In 1991 the Multi-
vessel Angioplasty Prognosis Study (MAPS) II was under-
taken and a fifth institution added . As part of that study, 50
consecutive patients meeting identical inclusion criteria
treated at that institution from January 1, 1986 were added to
the original MAPS I cohort described herein. The extent of
revascularization attempted was at the discretion of the
angioplasty operator. This study analyzes the long-term
follow-up of the 370 patients who were treated without an
in-hospital major ischemic complication (death, emergency
bypass surgery or myocardial infarction) . Because this was a
retrospective study, informed patient consent was obtained
at the time of follow-up, according to guidelines at each of
the participating institutions .
AnglopWy procedure. The technique of coronary angio-
plasty used and initial in-hospital follow-up has been de-
scribed elsewhere (16) .
Anglograpldc analysis . One of two experienced angiogra-
phers at the Angiographic Core Laboratory reviewed the
diagnostic procedural angiograms to 1) determine suitability
for study entry, 2) code for 18 stenosis and 14 patient variables
without knowledge of clinical outcome . Ali quantitative me,--
surements were made using hand-held calipers in orthogonal
dons at end-diastole when possible . Thirty-two patients
were excluded from the initial study because of nonvisualizan
tion of the cowaalateral coronary artery (17 patients), the
presence of Single-vessel disease (9 patients), inadequate ste-
nosis visualization (4 patients) and angioplasty not performed
during the study period (2 patients). Additional patients were
requested until each institution's quota was met .
The angiographic definitions used by the MAPS group
Table 1 . Trial Definitions A to Q
JACC Vol. 22, No . 5
November 1, 1993 :1189-97
have been described elsewhere (16) . However, the following
definitions are particularly germane to the results and the
interpretation of this analysis.
Complete revascidarization ("standard" definition) . By
this definition, complete revascularization was achieved
when all stenoses measuring a%% in vessels ? 1 .S mm in
diameter were reduced to <50% diameter stenosis .
Jeopardized territory. The size of all terminal (e .g., distal
left anterior descending, diagonal branch) branches of the
coronary tree were scored small, moderate or large, depend-
ing on their vascular distribution . Branches scored as small
were assigned one point, branches scored as moderate were
assigned two points and branches scored as large were
assigned three points . The jeopardized territory was the sum
of branch scores distal
1,- 0,_ * Xtaicti,divided by the
sum of all branches of the coronary tree (17).
Adequate revascularization (trial definitions A to Q) . Trial
definitions A to Q, based on the percent diameter stenosis of
vessels not revascularized, the amount of jeopardized terri-
tory not revascularized and whether or not that territory was
akinetic on ventriculography, were assessed as shown in
Table 1 .
Modified American College of Cardiology/American Heart
Association score. The standard American College of Cardi-
ology/American Heart Association (ACC/AHA) score was
prospectively modified to subdivide type B stenoses into BI
(one adverse characteristic) and B2 (two or more adverse
characteristics) on the basis of previous work (16-18) sug-
gesting the cumulative importance of multiple adverse lesion
characteristics .
Multivessel disease. Multivessel coronary artery disease
was defined as the presence of a 2:50% diameter stenosis in
two or more of the three major epicardial coronary vessels or
surgically bypassable branches thereof. If the right coronary
Definition
Definition of %
"Significant"
Stenosis
% Jeopardized Territory
Not Revascularized
Akinetic Areas
Excluded
A
a5o to No
B L150
S220
No
C
z6O
0 No
D >-60
<_ l0 No
E >-60 s20 No
F >70 0 No
G
00 sto No
H
z00
:520 No
150 0 Yes
J :a50 Slo Yes
K ?50 S20 Yes
L _-60 0 Yes
M X60 m l0 Yes
N
?_60 Q0
Yes
0
:--70
0 Yes
P
a7O
510 Yes
Q
>70 :S20 Yes
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artery was nondominant and failed to supply any left ven-
tricular myocardium, the first two moderate- or large-sized
obtuse marginal branches of the left circumflex coronary
artery were considered to supply one vascular territory, and
the distal obtuse marginal branches and the posterior de-
scending coronary artery were said to supply a different
vascular territory .
Proximal left anterior descending coronary artery stenosis .
Proximal stenosis of the left anterior descending coronary
artery was said to be present when a ~:50% diameter
narrowing was observed proximal to the first major septal
branch of this artery .
Segmental contractility. Segmental left ventricular myocar-
dial contractility was scored as normal = 3, mildly hypokinetic
= 2, severely hypokinetic = I and akinetic or dyskinetic = 0 by
analysis of right anterior oblique and left anterior oblique
contrast ventriculograms, When left anterior oblique projec-
tions had not been obtained, such information was derived
from radionuclide ventriculograms when available .
Simplified risk territory score. The simplified risk terri-
tory score was defined as the modified ACC/AHA score
multiplied by 2 if the stenosis was located in the proximal or
mid-left anterior descending, the proximal circumflex or the
proximal or mid-right coronary artery and multiplied by 1 for
all other vessel sites . The simplified risk territory score was
simply the sum of the scores for all stenoses >50% .
In addition, the anatomic feature or features associated
with incomplete revascularization (standard definition) were
determined from the following: angioplasty result ?50%
diameter stenosis, akinetic or dyskinetic segmental contrac-
tility associated with the stenosis not dilated, chronic total
occlusion, failed coronary angioplasty of chronic total oc-
clusion, high risk stenosis (modified ACC/AIIA criteria B2
or C), <70% diameter stenosis and small territory (jeopar-
dized territory :5 10%) subserved by the stenosis not dilated .
Follow-up. Follow-up data were provided by the individ-
ual clinical sites after patient or physician contact, or both,
by phone or mail, supplemented by review of hospital
records when necessary . Follow-up at each site was per-
formed by a cardiovascular research nurse or physician .
Long-term event-free survival . Long-term event-free sur-
vival was defined as freedom from death, bypass surgery and
myocardial infarction at the time of latest follow-up .
Statistical analyses . All data were entered into the MAPS
data bank at the data coordinating center. Data are ex-
pressed as mean value ± I SD unless otherwise indicated .
Preliminary Cox proportional hazards regression analy-
ses were performed to determined the correlates of long-
term event-free survival, exclusive of the degree of revascu-
larization, using the following variables : age, gender, history
of diabetes, Canadian Cardiovascular Society angina class,
previous myocardial infarction, proximal left anterior de-
scending coronary artery stenosis ?50%, simplified risk
territory score, left ventricular ejection fraction, number of
diseased vessels and number of stenoses ?50% .
The standard definition of complete revascularization was
COWLEY ET AL .
1291
then entered into the Cox model, first forcing all statistically
significant independent variables exclusive of the degree of
revascularization into the model, to determine the indepen-
dent predictive value of complete revascularization . Using
similar methodology, each of the trial definitions of adequate
revascularization was tested as a potential best definition .
"Optimal" adequate revascularization was defined as 1) that
providing the greatest discrimination for loag-term- event-
free survival, and 2) that providing no significant difference
in long-term event-free survival compared with that in pa-
tients with complete revascularization by the standard defi-
nition. The former was ascertained by analyzing the influ-
ence of each trial definition of adequate revascularization on
event-free survival independent from clinical predictors
from the previously mentioned analysis. The latter was
ascertained by determining the significance of the difference
in outcome between those with and without total revascu-
larization by the standard definition within the subgroup of
patients with adequate revascularization by each trial defi-
nition. Kaplan-Meier product limit estimated survival curves
were also generated for long-term event-free survival by
each of the definitions of complete revascularization . This
analysis was repeated after patients were grouped according
to ejection fraction :550% and ?501%. Each of these steps
was repeated, also using long-term cardiac survival, infarct-
free survival, infarct- and bypass-free survival and coronary
angioplasty during follow-up as dependent variables .
In addition, to determine whether any particular anatomic
feature causing incomplete revascularization was associated
with adverse outcome each of the anatomic features asso-
ciated with incomplete revascularization was entered into a
Cox model, first entering all other independent correlates
of long-term event-free survival into the equation . We
chose to use the term "correlation" in this study as it is
used clinically, acknowledging that the difference of the
regression coefficient from zero over time is the variable to
which we refer . All analyses were performed using either
SAS software (SAS Institute Inc .) or SYSTAT software
(SYSTAT Inc .) .
Results
Patient characteristics . Characteristics of the study pa-
tients are enumerated in Table 2
. Of particular importance,
most patients were of middle age; left ventricular function
was usually well preserved (although 26rlb had an ejection
fraction :550%); and the majority of patients had two-vessel
disease and severe angina
. Angioplasty was attempted in
1 .9 ± 1.0 of the 3 .1 ± 1 .1 stenoses in each patient
. Success-
ful angioplasty at one or more sites without major ischemic
complications was accomplished in 91 .6% of stenoses at-
tempted 029 patients) . Total revascularization
(i .e ., the
successful treatment of all a50% stenoses in X1
.5-mm
diameter arteries) was achieved in only 91(25%) patients
. At
27 ± 16 months, follow-up was 99
.2% complete . Actuarial
3-year event-free survival was 76 .5% (death 5
.2%, bypass
1292
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Table 2
. Baseline Clinical Characteristics of 370 Study Patients
2 70.0
3
30.0
No
. of significant (450%) stenuses
2 33,7
3 36 .5
4 16 .2
L-5 It . ,
Left ventricular ejection fraction 58 ± 11(20-85)
Values presented are mean value
t
SD (range) or percent
.
surgery without death 17 .0%, nonfatal infarction without
bypass surgery 1 .3%) (Fig. 1). At latest follow-up, 74 .3% of
patients were angina free ; 13.8% had Canadian Cardiovas-
cular Society class I angina ; 6.7% had class II angina ; 4.3%
had class III angina, and 0 .9% had class IV angina,
Anatomic features associated with incomplete revasc
don. The reasons for incomplete revascularization were un-
treated stenosis .71 ". (40.3%), jeopardized territory X 10%
(30.2%), untreated chronic total occlusion (20 .5%), akinetic
associated myocardium (12 .6%), high risk stenosis (10.8%),
residual stenots after coronary an&ioplasty a:50 (8.6%),
failure to cross the lesion with a wire or balloon (4,3%) and
failed ioplasty of chronic total occlusion (3 .6%) (not mutu-
ally exclusive),
Correlates of long-term event-free survival exclusive of the
extent of revascul tion, In Cox regression analyses,
event-free survival was correlated with left ventricular ejec-
tion fraction (regression coefficient -0 .023, 95% confidence
1,00
0.95
0.90
Event-
Survival
0.95
0 .80
0 .76
0
Death
- .Bypass
„ . Surgery
6 12
18 24
30
Time (months)
Table 3. Independent Influence of Complete Revascularization (by
the "standard" definition) on Long-Term Outcome
interval [CI] -0 .044 to 0.002, p = 0.034), angina class
(regression coefficient 0 .251, 95% Cl 04 to 0 .497, p =
0.043) and the simplified risk territory score (regression
coefficient 0.045, 95% Cl -0 .001 to 0.012, p = 0 .044) .
Effect of complete revascularization on long-term event-
free survival . The independent influence of complete revas-
cularization by the standard definition, after consideration of
the effect of left ventricular ejection fraction, angina class
and the modified risk territory score, is shown in Table 3 .
Complete revascularization by this definition independently
correlated with improved long-term event-free survival (p =
0.003) (Fig . 2) .
Optimal definition of adequate revascularization. The per-
cent of patients with adequate revascularization by trial
definitions A to Q, the regression coefficients and p values
for the differences in long-term event-free survival for pa-
tients with complete revascularization by the standard defi-
nition and by each of the trial definitions and the independent
predictive value of the remaining definitions for long-term
event-free survival are shown in Table 4 . The percent of
patients with adequate revascularization ranged from 24.6%
by the standard definition to 88% with definition Q ( :s20% of
jeopardized myocardium subserved by ?70% stenoses, ex-
cluding from consideration arteries supplying akinetic areas
on left ventriculography) . With only one of the trial defini-
tions (A), patients with adequate revascularization had
long-term event-free survival that did not differ from that of
the standard definition (Fig . 3). With the remainder of the
definitions, patients with complete revascularization by the
MI
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Figure 1 . Long-term freedom from death, myocardial in-
farction (MI) and coronary bypass surgery .
Covariate
Regression 95% Confidence t p
Coefficient Interval Statistic Value
Left ventricular ejection -0.022 -0.043 to -0.001 -2.083 0.038
fraction
Angina class 0 .251 0.004 to 0 .497 1 .992 0 .047
Simplified risk territory 0 .045 -0
.001 to 0.092
1 .914 0 .055
score
Complete revascularization -1 .561 -2.587 to -0.535 -2.983 0.003
Patient age (yr)
58 ± 11
Male (%)
71 .6
Current smoking
50.0
Diabetes mellitus
17 .3
Hypertension
49.3
Hypercholesterolemia
35 .4
Presence and location of significant (>_%)
proximal stenosis
Left anterior descending coronary artery
34.1
Left circumflex coronary artery
24 .1
Right coronary artery
31 .9
Prior myocardial infarction
46.6
Canadian Cardiovascular Society angina class
3.0 t 1,2
No. of diseased (50%) vessels
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Figure 2. Kaplan-Mcier (K-M Prob .)
event-free survival estimates for pa-
tients with incomplete revasculariza-
tion (IR) and without compk ic revascu-
larization (CR) using the "standard"
definition.
Event-free
Survival
(K-M Prob .)
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standard definition had superior outcome to those without
complete revascularization in the group with adequate re-
vascularization by the trial definition (Fig . 4). The standard
definition and definition A were independently correlated
with long-term event-free survival after consideration of left
ventricular ejection fraction, angina class and the modified
risk territory score. The t statistic for definition A was
approximately as large as that seen with the standard defi-
nition but did provide somewhat more prognostic informa-
tion. Any residual territory >10% of the left ventricle
subserved by a >50% stenosis was associated with a worse
long-term event-free survival .
Correlates of long-term cardiac survival. The relatively
low long-term cardiac mortality seen in patients in this study
CR, by standard definition
IR, by standard definition
Table 4 . Long-Term Event-Free Survival Outcome After Variably Defined "Adequate Revascularization"
limits the power to determine correlates of long-term sur-
vival . Using similar Cox regression analyses, only baseline
left ventricular ejection fraction (p = 0 .001) was indepen-
dently correlated with long-term survival . After consider-
ation of this factor, none of the definitions of adequate
revascularization achieved statistical significance as a pre-
dictor of long-term cardiac survival . The definition achieving
the highest correlation was definition F (no ?70% residual
stenoses, p = 0.13) .
Correlates of long te term m, myocardial infarction. The extent
of revascularization by definition P (!5 10% nonakinetic myo-
cardiurn subserved by a >70% stenosis) was the only signif-
icant (p = 0.009) correlate of infarct-fret survival Angina
Trial
Definition
Definition of %
"Significant"
Stenosis
% Allowable
Territory Not
Revascularized
Akinetic Areas
Excluded
% of Patients
With Adequate
Revascularization
Difference in Outcome With
Adequate Revascularization
Compared With That by the
Standard Definition
Independent Correlation With
Long-Term Event-Free Survival :
I
Statistic
Regression Coefficient
(mean value t SD) p Value
Regression Coefficient
(mean value t SD) p Value
Standard ?50 No 24 .6
- -
1 .56 t 0 .60 0 .003
A
No 28 .1 11 .72 t 388.36
0
.517 2.06 t 0.60
0 .001
B
50 :520 No 45 .7 -1 .45 ± 0 .59
0.008
C e60 0 No 46 .5
-1 .71 t 0 .57 0.001
D ?M :510 No 50 .3
-1 .55 ± 0 .57 0.003
E
a6O
s20 No
68 .2 -1.56 ± 0.54 0.002
F
a7O 0 No 56 .9
-1.59 ± 0 .55 0.001
G a7O !510 No 62 .2
-1 .48 ± 0 .55 0.003
H ?70 520 No
79 .7 -1 .58 ± 0 .53 0 .001
I a50 0 Yes
34 .9 -1.99±0
.65 <0.001
J a50 s10
Yes 37 .8
-1.51 ± 0.65 0.011
K a50 :s20 Yes 54 .6
-1 .69 ± 0 .56 0.001
L a60 0 Yes 56 .5
-1 .71 ± 0 .58 0.001
M a60 s10 Yes
50 .8 -1 .60 ± 0 .56
0 .002
N a60 s20
Yes 76 .2 -1 .64 ± 0 .53
0.001
0
a70
0
Yes 67 .3
-1 .68 ± 0 .54 0.001
P a70 ~10 Yes
73
.5
-1 .53 ± 0 .53
0 .002
Q
a70
s20 Yes
87 .8 -1.64±0
.53 0 .001
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0 .6
0,6
Event Tree
0.8
Survival
(K-M Prob .) 0
.7
0.6
0.5
~- CR, by definition A
IR, by definition A
0
class (p = 0.10) and diabetes (p = 0
.13) before angioplasty
were weakly associated with infarct-free survival .
Correlates of late by surgery and no infarction . Ex-
clusive of the degree of revascularization, late bypass sur-
gery was correlated with the presence of three-vessel disease
(p = 0.02), male gender (p = 0 .04) and angina class at first
treatment (p = 0 .04). After considering the effect of these
variables, incomplete revascularization by the standard def
0
	
6
12
12
18 24 30
Time (months)
6
42
CR, by definition F, CR by standard definition
CR, by definition F, IR by standard definition
18
48
,
0 6 12 18 24 30 36 42 48
54 60
Time (months)
0
1 .0
0.9
inition was highly predictive of late surgery (estimate
1 .958, 95% CI ' U.J 1J W J .`A1W, t
~ -
2.V(i, p ° 0.004) . Still,
several definitions, the best predictor of which was B (esti-
mate 1 .504, 95% CI -0.670 to -2.337, 1 = -3.526, p =
0.002) correlated slightly better than the standard definition
with outcome .
Correlates of coronary angioplasty during follow-up . The
only correlate of coronary angioplasty during follow-up was
6
P = 0.001
60
24 30 36 42 48 54 60
Time (months)
Figure 3. Kaplan-Meier event-free survival esti-
mates for patients with and without "adequate
revascularization" by definition A . Abbrevia-
tions as in Figure 2,
Figure 4. Kaplan-Meier event-free survival esti-
mates for patients with "adequate revasculariza-
tion" by definitions C (A) and F (B), in subsets
according to whether or not they had adequate
revascularization by the standard definition . Ab-
breviations as in Figure 2 .
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1 .0
09
0.8
.
I
,1
.
. .
:L	
p s 0 .001
Event-free
Survival
(K-M Prob.) 0
.7
11,1
	
1 .0
0 .9-
p = 0.001
0.8-
Event-free
Survival
(K-M Prob .)
0 .71-
0,6-
CR, by definition 0
; CH by standard definition
CR, by definition C ; IR by standard dotirition
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patient age (p = 0 .01) . No definition of adequate revascubr-
ization was correlated with the likelihood of late angioplasty .
Effect of anatomic reason for incomplete revascularization
of long-term event-free survival . After consideration of the
effects of left ventricular ejection fraction, angina class and
the simplified risk territory score, failure to attempt coronary
angioplasty because of a high risk stenosis (p = 0.039) or
stenosis <70% (p = 0.041) was associated with a poor
outcome. The level of significance for the other variables
tested were angioplasty result ?50% (p = 0 .18), akinetic
associated territory (p = 0 .25), chronic total occlusion (p =
0.61), failed coronary angioplasty of chronic total occlusion
(p = 0.13) and small jeopardized territory (p = 0 .31) .
Correlates of long-term event-free survival in patients with
moderate to severe left ventricular dysfunction. The only
preprocedural correlate of event-free survival in patients
with left ventricular ejection fraction s50% (95 patients) was
no left anterior descending coronary artery stenoses 50%
(p = 0 .03). After entering left anterior descending artery
disease into the Cox model, total revascularization by the
usual definition was a predictor of outcome (p = 0 .024), but
definition F was somewhat more predictive (estimate 1 .23,
95% CI 0.27 to 2 .20, t statistic 2 .50, p = 0.012) .
Correlates of long-term event-free survival in patients with
normal or near-normal left ventricular function . The only
correlate of event-free survival in this group (275 patients)
was the number of stenoses 00% at baseline (p = 0.07) .
After entering the number of stenoses ~t5011 o at baseline into
the Cox model, total revascularization was a sig :i~ficant
predictor of outcome (estimate 1 .89, 95% CI 0.43 to 3 .35,
t statistic 2.55, p = 0 .002), but adequate revascularization by
definition J was comparable (estimate 1 .83, 95% Cl 0.63 to
3.02, 1 statistic 2 .99, p < 0 .001) .
Discussion
Although complete revascularization by coronary artery
bypass surgery has been demonstrated to yield a superior
long-term clinical outcome compared with incomplete revas-
cularization (1-7),
extrapolation of these results to coronary
angioplasty may not be justified . For examp'e, attempted
angioplasty in diffusely diseased and small coronas y arteries
may increase the risk of the procedure, and, unlike bypass
surgery, angioplasty in moderately severe stenoses that
progress to cause refractory symptoms can be performed
relatively easily at a later date . In fact, some investigators
(9-11,13,15) have suggested that clinical event rates are
similar after incomplete compared with complete revascu-
larization, particularly after the baseline clinical presentation
and anatomy predisposing to incomplete revascularization
are considered . Other investigators (12,14), often using
different definitions of complete revascularization and exam-
ining different types of patients, have found results more
closely parallel to the results with bypass surgery . The
controversy has even extended to the major randomized
trials of coronary angioplasty versus bypass surgery cur-
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rently underway, with the investigators of the Randomized
Interventional Treatment of Angina trial requiring equivalent
degrees of revascularization for patient entry, whereas those
of the Bypass Angioplasty Revascularization Investigation,
Coronary Angioplasty Bypass Revascularization Investiga-
tion, Emory Angioplasty Surgery Trial and German
Angioplasty-Bypass Intervention trial leave the degree of
revascularization attempted to the angioplasty operator (19) .
To better understand these apparent discordant results and
opinions and, in particular, to define an optimal definition of
adequate revascularization after coronary angioplasty, we
examined the long-term clinical outcome of 370 consecu-
tively treated patients from five institutions whose clinical
presentation and coronary anatomy were extensively char-
acterized at a core angiographic laboratory .
Two conclusions are noteworthy . First, even after con-
sideration in Cox multiple hazard regression analyses of the
effects of the three primary correlates of long-term event-
free survival-left ventricular ejection fraction, Canadian
Cardiovascular Society angina class and a marker of the
extent and complexity of disease (the simplified risk territory
score)-complete revascularization using the usual defini-
tion (no residual ?50% stenoses in arteries L-1 .5 mm in
diameter) was associated with a significantly improved
event-free (death, infarction and bypass surgery) survival
(Fig. 2) .
Second, examination of 17 different definitions of ade-
quate re"ascularization, which took into consideration vary-
ing definitions of a "significant" stenosis, the amount of
myocardium subserved by residual stenoses and whether or
not akinetic or dyskinetic areas need to be revascularized,
found that vessels supplying an estimated !s 10% of the left
ventricular mass could have stenoses >50% (definition A)
but not 2!6017c (definition D) without adversely affecting
outcome. Larger vessels could not be left without treatment
of stenoses ?50 (definition B) . A definition of "complete
revascularization," accepting untreated small vessels with
50% to 59% stenoses, was more predictive of outcome than
was the "standard" definition . Coronary angioplasty in such
stenoses (2.5% closure requiring emergency bypass surgery
or resulting in Q wave infarction from stenoses <60% at
baseline in small vessels in MAPS 1 [16]) is probably not
justified unless these lesions can be demonstrated to cause
life-style-limiting angina
. Of importance, the extent of re-
vascularization was also very strongly correlated with
infarct-free survival, suggesting that its impact on event-free
survival was not entirely due to its impact on later coronary
artery bypass surgery .
How can one reconcile these results with those of several
series in which the degree of revascularization was not found
to correlate with otitcome? The early report of Wohlgelern-
ter et al .
(9), although extremely valuable in defining the
concept of "culprit vessel" revascularization, followed up
only 70 patients for 6 months and may simply not have had
the power to detect significant differences in outcome .
Similarly, the studies of Thomas et al
. (13) and Ghalili et al .
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(10) reported data from relatively small numbers of pi=nk
;,,-,
followed up for only 12 months and reached the ,aamc
conclusions . Bell et al . (15) and Reeder et al
. (I1), however,
reported a similar result from a 2-year follow-up of 867 and
286 patients, respectively . The Mayo Clinic evaluation in-
cluded patients treated within 24 h of acute myocardial
infarction, a group with considerably higher expected mor-
tality and reinfarction rates than those of patients with stable
or unstable angina (20-23) . If these patients were excluded,
it would appear that completeness of revascularization
would at a minimum approach statistical significance (p <
0,05) in their analysis (15). In the 1977 to 1982 National
Heart, Lung, and Blood Institute analysis, a different defi-
nition of complete revascularization, based on visual analy-
sis of percent stenosis (acknowledged to be inferior to
objective measurements [241), was used . It is uncertain
whether these differences can account for the differences in
outcome observed,
The results of this study are concordant with the findings
of Deligonul ct al . (12), who followed up 397 patients for a
mean of 27 months and found an increase in the incidence of
late bypass surgery in the group with incomplete revascular-
ization (16% vs . 7%), and the data of Shaw et al . (14), who
noted a similar result in a larger number of patients . Neither
of these studies attempted to define an optimal definition of
adegtate revascularization and relied instead on the stan-
dard definition .
Study limitations. In considering these results, certain
study limitations should be recognized. 1) All measures of
percent diameter stenosis rely on measures of coronary
dimension of an adjacent "normal" segment that may itself
often be involved in the atherosclerotic process (25) . Mea-
sures of absolute lumen dimension appear to correlate more
closely with physiologic measures of stenosis severity, such
as coronary flow reserve (26), 2) Hand-held calipers were
used to measure percent diameter stenosis . Although some
studies have found computer-assisted edge detection meth-
ods superior to calipers (27), others have found generally
equal results (28) . 3) Estimates of the amount of left ventric-
ular myocardium subserved by a given coronary artery must
be recognized as approximate . Nonetheless, the amount of
residual "jeopardized" myocardium appeared to be an im-
portant correlate of long-term outcome in this analysis, 4) An
arbitrary definition of event-free survival, excluding coro-
nary angioplasty, was used. Although this is a commonly
used definition (11,12), repeat angioplasty may also be
considered an adverse outcome . In this analysis, repeat
angioplasty was not correlated with any measure of the
degree of revascularization. 5) Complete revascularization
by the standard definition was infrequently (25%) achieved
in these patients. This finding compares with a wide range
reported in recent studies (of 21% to 79%) but should not
affect the results of this analysis . 6) Due in large extent to the
fact that a large proportion of this study group had angina at
rest and therefore were deemed to be unsuited for exercise
stress testing, and due to the acknowledged limitations of
thallium perfusion scintigraphy performed early after coro-
aary angioplasty (29), angioplasty was often not guided by
objective measures of ischemia . An angiographic but not
physiologic definition of completeness of revascularization
thus resulted . Finally, this was not a randomized trial of
complete versus "culprit" vessel angioplasty . These results
should be considered only to imply that when "complete
revascularization" is achieved, long-term outcome is likely
to be enhanced, but that if complete revascularization is not
achieved, perhaps not attempted because of anticipation of
procedural complications, long-term outcome may yet be
close to optimal in certain circumstances .
Clinical implications . Any strategy of partial revascular-
ization by coronary angioplasty in patients with multivessel
coronary disease accepting residual a50% stenoses supply-
ing :-:! 10°%0 of myocardium, although perhaps leading to
short-term amelioration of symptoms, will most likely be
associated with an increased risk for later long-term adverse
cardiac events . These events will most often be in the form
of need for coronary artery bypass graft surgery . These
results may be helpful in patient management decisions and
in the
analysis
of ongoing randomized trials of the results of
coronary angioplasty compared with those of other treat-
ment modalities .
We express our gratitude to Lin Nicholson and Patti Durnwald for expert
secretarial assistance.
Appendix
The Mlrlavessel Angioplasty Prognosis Study
(MAPS) Group
Participating Centers and Investigators
Cleveland Clinic Foundation . Cleveland, 011. Principal Investigator :
Patrick L
. Whitlow, MD, Co-investigators: J y L. Holtman, MD . . Irving
Franca, MD, Conrad Simpfendot r, MD, Sue DeLuca, RN .
Medical College of Virginia, Richmond. VA . Principal Investigator :
Michael 1 . Cowley, MD . Co-investigators : Germano DiSciascio, MD, George
W, Vetrovec, MD, Kim M
. Kelley . RN
.
Saint Louis University, Saint Louis, MO . Principal Investigator : Michel
G. Vandormael, MD. Co-investigators : Ubeydullah Deligonul, MD, Kathy
Galan, RN . Sue Taussig. RN, Frank Aguirre, MD .
University of Alabama, Birmingham, AL . Principal Investigator : Thomas
M. Bulle, MD
. Co-investigator: Joan Anderson, RN ., Larry S . I' *n, MD,
Gary Roubin, MD.
University of Michigan, Ann Arbor, MI . Principal Investigator: Stephen
G . Ellis, MD . Co-investigators :
Eric J . Topol, MD, Vicky Savas, MD, Jeffrey
J . Popma, MD .
Angiographir Core Laboratory : Principal Investigator : Stephen G . Ellis,
MD. Co-investigators : Thomas M. Bulle, MD, Darrell DeBowey, MS .
Data Coordinating Center :  Principal Investigator : Stephen G
. Ellis, MD .
Co-investigators : M. Anthony Schork, PhD, Robert Bagen PhD .
References
I . Lawrie GM, Morris GC Jr, Howell JF, Tredici TD, Chapman SW .
Improved survival after 5 years in 1,144 patients after coronary bypass
surgery
. Am J Cardiol 1978 ;42:709-15 .
2
. Loop FD, Cosgrove DM, Lytle BW, et al . An 11-year evolution of
coronary artery surgery (1967-1978) . Ann Surg 1979 ;190:444--55 .
JACC Vol. 22, No . 5
November l, 1993 :1289-97
	
INCOMPLETE REVASCULARIZATION AFTER CORONARY ANGIOPLASTY
3 . Cukingnan RA, Carey JS, Wittig JH, Brown BG . Influence of complete
coronary revascularization on relief of angina
. J Thorac Cardiovasc Surg
1980 ;79:188-93.
4 . Lawrie GM . Morris GC, Silvers A, et al . The influence of residual disease
after coronary bypass on the 5-year survival rate of 1274 men with
coronary artery disease . Circulation 1982,66:717-21
5 . Jones EL
. Craver JM, Guyton RA, Bone DK, Hatcher CR, Riechwald N .
Importance of complete revascularization in performance of the coronary
bypass operation . Am J Cardiol 1983 ;51 :7-12.
6. Schaff HV, Gersh 13J, Pluth JR, et al . Survival and functional status after
coronary artery bypass grafting : results 10 to 12 years after surgery in 500
patients . Circulation 1983 ;68(suppi 11) :11-2(X)-4.
7. Lavee J, Rath S, Tran-Quang-Poa, 119'anani R, et al
. Does complete
revascularization by the conventional method truly provide the best
results : analysis of results and comparison with revascularization of
infarct-prone segments (systematic segmental myocardial revasculariza-
tion) : the Sheba Study . 3 Thorac Cardiovasc Surg 1986,92 :279-82 .
8. Mabin TA, Holmes DR Jr, Smith HC, et al . Follow-tip clinical results in
patients undergoing percutaneous transluminal coronary angioplasty .
Circulation 1985 ;71 :754-60 .
9. Woldgelernter D, Yeatman LA, Cabin HS, Cleman M . Functionally
directed revascularization using coronary angioplasty : an alternative
approach in the management of n -06vessel disease (abstract) . J Am Coll
Cardiol 1987 ;9 :15A .
10. Faxon DP. Ghalili K, Jacobs AK, et al . 'The degree of revascularization
and outcome after mullivessel coronary angioplasty . Am Heart J 1992 ;
123 :854-9 .
11 . Reeder GS, Holmes DR, Detre K . Costigan T . Kelsey SF . Degree of
revascularization in patients with multivessel coronary disease : a report
from the National Heart, Lung, and Blood Institute Percutaneous Trans-
luminal Coronary Angioplasty Registry. Circulation 1988 ;77:638-44 .
12
. Deligonul U, Vandormael MG, Kern MJ, Zelman R, Galan K, Chaitman
BR. Coronary angioplasty : a therapeutic option for symptomatic patients
with two and three vessel coronary disease . J Am Coll Cardiol 1988 ;11 :
1173-9 .
13 . Thomas ES, Most AS, Williams O
. Coronary angioplasty for patients
with multivessel coronary artery disease: follow-up clinical status . Am
Heart J 1988 ;115 :8-13 .
14 . Shaw RE, Anwar A, Myler RK. et al . Incomplete revascularization and
complex lesion morphology
: relationship to early and late results in
multivessel coronary angioplasty
. J Invest Cardiol 1990 ;2 :93-101 .
15 . Bell MR, Bailey KR, Reeder GS, Lapeyre AC, Holmes DR
. Percutaneous
transluminal angioplasty in patients with multivessel coronary disease :
how important is complete revascularization for cardiac event-free sur-
vival? J Am Coll Cardiol 1990
:16:553-62 .
16 . Ellis SG, Vandormael MG, Cowley MJ, et al
. Coronary morphologic and
clinical determinants of procedural outcome with angioplasty for multi-
COWLEY ET AL
.
1297
vessel coronary disease
. Implications for patient selection
. Circulation
1990 ;82 :110-202.
17 . Ellis SG, Cowley MJ, DiSciascio G, et al
. Determinants of 2-year
outcome after coronary angioplasty in patients with multivessel disease
on the basis of comprehensive preprocedural evaluation-implications for
patient selection . Circulation 1991,83
:1905-14 .
18 . Ellis S, Roubin G, King S, Douglas G
. Weintraub WS, Cox W
. Angio-
graphic and clinical predictors of acute closure after native vessel
coronary angioplasty
. Circulation 1988 ;77:372-9.
19
. Gersh fij, Robertson T. The efficacy of percutaneous transluminal
coronary angioplasty (PTCA) in coronary artery disease-why we need
randomized trials, In : Topol EJ, ed
. Textbook of Interventional Cardiol-
ogy . Philadeiphia : Saunders, 1990 :240-53 .
20 . Topol EJ, Calif RM, George BS, et al
. A randomized trial of immediate
versus elective angioplasty after intravenous tissue plasminogen activator
in acute myocardial infarction. N Engl J Med 1987 ;317 :581-8 .
21
. TIMI Study Group . Thrombolysis in myocardial infarction (TIM!) trial
.
N Engl J Med 1985 ;312 :932-6.
22 . The TIMI Research Group . immediate verso . delayed eatheterization and
angioplasty following thrombolytic therapy for acute myocardial infarc-
tion . JAMA 1988 ;260:2849-58.
23
. Ellis SG, O'Neill WW, Dates ER, Walton J& Nabel EG, Topol EJ .
Coronary angioplasty as primary therapy for acute myocardial infarction
6 to 48 hours after symptom onset: report of an initial experience . J Am
Coll Cardiol 1989;13 :1122-6 .
24 . Brown DG, Bolson E, Dodge HT
. Arteriographic assessment of coronary
atherosclerosis
. Review of current methods, their limitations, and clinical
applications. Arteriosclerosis 1982;2 :2-15 .
25 . Arnett EN, Isner JM, Redwood DR, et al . Coronary i wry narrowing in
coronary heart disease : comparison of cineangiographic and nec , opsy
findings . Ann Intern Ivied 1970 ;91 :350-6.
26. Harrison DG, White CW, Hiratzka LF, et al. The value of lesion
cross-sectional area determined by quantitative coronary angiography in
assessing the physiologic significance of proximal left anterior descending
coronary arterial stenoses . Circulation 1984 :69 :1111-9 .
27 . Kalbfleisch SJ, McGillem MJ, Pinto IM, Kavanaugh KM . DeBoe SF,
Mancini GBJ . Comparison of automated quantitative coronary angiogra-
phy with caliper measurements of percent diameter stenosis, Am J
Cardiol 19%
-.65 :1181-4 .
28 . Scoblionko DP . Brown BG. Mitten S, et al
. A new digital electronic
caliper for measurement of coronary arterial stenosis : comparison with
visual estimates in ct,,nputer-assisted measurements . Am J Cardiol 1984 ;
53 :689-93 .
29. Manyari DE, Knudtson M, Kloiber R, Roth D . Sequential thallium-201
myocardial perfusion studies after successful percutaneous transluminal
coronary angioplasty
: delayed resolution of exercise-induced scinti-
graphic abnormalities. Circulation 1988 ;77 :86-95 .
